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PROBLEM TO BE SOLVED: To provide a copper damassin structure wherein the mismatch of dynamical 
characteristics between inorganic insulating layers used for a copper diffusion prevention insulating layer, a wiring 
layer, and a via layer is eliminated, and troubles such as exfoliation and cracking ocurring in a CMP process in 
damascene formation and upon a heat cycle are solved. 

SOLUTION: In the manufacture of a copper damassin structure, when copper and a barrier metal layer or either of 
them provided on an inorganic insulating film are chemically and mechanically polished, at least one kind of a metal 
oxide layer selected from among B, Al, Ga, In, Tl, Ge, Sn, Pb, Ti, Zr, Hf, V, Nb, Ta. Cr, Mo, W, Mn, Zn, Cd, P, As, Sb, 
Bi, and Ce, or a silicon oxide layer with higher density than the inorganic insulating film is made to exist on the 
inorganic insulating film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In case chemical mechanical polish of the copper and the barrier metal layer, or either 
which was prepared on the inorganic system insulator layer is carried out in manufacture of a 
copper pellet syn conformation On an inorganic system insulator layer, B, aluminum, Ga, In, Tl, 
germanium, Sn, Pb, The manufacture approach of the copper pellet syn conformation 
characterized by making the oxide layer of at least one kind of metal chosen from Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, W, Mn, Zn, Cd, P, As, Sb, Bi, and Ce exist. 

[Claim 2] A metaled oxide layer B, aluminum, Ga, In, Tl, germanium, Sn, Pb, Ti, Zr, Hf. V, Nb, Ta, 
Cr, Mo, W, Mn, The manufacture approach of the copper pellet syn conformation according to 
claim 1 which is what applies the solution of the precursor of the oxide of at least one kind of 
metal chosen from Zn, Cd, P, As, Sb, Bi, and Ce on an inorganic system insulator layer, heats it, 
and is formed. 

[Claim 3] The manufacture approach of a copper pellet syn conformation according to claim 1 
or 2 that an inorganic system insulator layer is a siloxane system insulator layer of specific 
inductive capacity 1.5-3.2. 

[Claim 4] The manufacture approach of a copper pellet syn conformation according to claim 3 
that the siloxane system insulator layer of specific inductive capacity 1.5-3.2 has a 
hydrocarbon group. 

[Claim 5] The manufacture approach of the copper pellet syn conformation characterized by 
making the silicon oxide layer of a consistency higher than this inorganic system insulator layer 
exist on an inorganic system insulator layer in case chemical mechanical polish of the copper 
and the barrier metal layer, or either which was prepared on the inorganic system insulator layer 
is carried out in manufacture of a copper pellet syn conformation. 

[Claim 6] The manufacture approach of the copper pellet syn conformation of claim 5 that an 
inorganic system insulator layer is a siloxane system insulator layer of specific inductive 
capacity 1.5-3.2. 

[Claim 7] The manufacture approach of a copper pellet syn conformation according to claim 6 
that the siloxane system insulator layer of specific inductive capacity 1.5-3.2 has a 
hydrocarbon group. 

[Claim 8] The copper pellet syn conformation formed by the approach according to claim 1 to 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the detailed 
suitable copper pellet syn conformation for copper wiring formation of a semi-conductor, and 
the copper pellet syn conformation obtained by this about wiring formation of a semiconductor 
device. 
[0002] 

[Description of the Prior Art] The motion which converts a wiring material into copper from 
conventional aluminum is progressing with detailed-izing of a semiconductor device, the case 
where copper is used as a wiring material — DAMASHIN — dual DAMASHIN which law is used 
in many cases and can form beer wiring and trench wiring simultaneously also in it — since law 
can reduce the manufacturing cost of a semiconductor device, it is regarded as desirable 
technique. Generally in the wiring structure which makes current and a silica an insulator layer, 
the copper wiring technique formed by this dual DAMASHIN method is spreading, and the 
further detailed-ized demand of a semiconductor device — setting — not only a wiring material 
but an insulating material — low [ from the present silica (specific inductive capacity 4) ] — 
examinatio n cha nged to a dielectricity ingredient is also activated. As such a low dielectric 
material, the CVD method carbon content silica film, a spreading mold organic compound 
insulator, the spreading mold siloxane system film, etc. are mentioned, especially — specific 
inductive capacity — 2.5 or less Ultra The consistency of an ingredient is less than [ 1 .3 g/cm3 
or it ], and also boils dynamic reinforcement markedly as compared with the conventional silica, 
and the low dielectric constant ingredient called low-k is weak. For example, generally a low 
dielectric constant ingredient is 15 or less GPas to silicas of an elastic modulus being 72GPa(s). 
The process severest when carrying out the laminating of the weak ingredient of such a 
mechanical strength and forming a pellet syn conformation is a chemical mechanical polish 
(CMP) process. Especially, many interfaces between dissimilar materials exist in a pellet syn 
conformation. The interfaces which a low dielectric constant ingredient has in this are the 
insulating layer for copper diffusion prevention, a low dielectric material and the conductive 
layer for copper diffusion prevention, a low dielectric material, etc. (refer to drawing 1 ). many of 
ingredients which touch these low dielectric material completely differ from a low dielectric 
material — it has dynamic and a thermal property. Especially barrier metal produces the big 
compressive stress of hundreds MPa(s) after the membrane formation. Especially, in PVD, as 
compared with the side attachment wall of a trench and beer, barrier metal deposits on the 
insulating-layer top face, and big stress is concentrating on the insulating-layer top face and 
the interface of barrier metal. For example, in a CMP process, stress concentration [ in / that 
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the adhesion of an insulating layer and barrier metal is inadequate / an interface ] induces ****, 

and causes problems, such as exfoliation and crack initiation. 

[0003] 

[Problem(s) to be Solved by the Invention] This invention aims at offering new copper pellet syn 
form **** layered product structure, in order to solve the above-mentioned problem. 
[0004] 

[Means for Solving the Problem] This invention offers the copper pellet syn form **** layered 
product structure where the adhesive strength of an inorganic system insulator layer and a 
barrier metal layer has been improved by forming a metal oxidizing zone or the silicon oxide 
layer of a consistency higher than this inorganic system insulator layer in the upper layer of the 
inorganic system insulator layer which forms wiring and a beer layer, and allotting it in the 
medium with a barrier metal layer. Furthermore, according to this copper pellet syn form **** 
layered product structure, peeling between the barrier metal in the CMP process of copper and 
barrier metal and an inorganic insulating layer and a crack can be prevented, and the yield of a 
copper DAMASHIN wiring formation process can be raised. 

[0005] The inorganic system insulator layer (refer to drawing 1 ) in inorganic system insulator 
layer layer this invention is a polysiloxane system insulator layer of specific inductive capacity 
1.5-3.2, and it is desirable to have a hydrocarbon group. Although an inorganic system insulator 
layer can also be formed with a CVD method, it is desirable to form using the coating liquid 
which consists of a polysiloxane and an organic solvent. The compound expressed with the (A) 
following general formula (1) as a polysiloxane here The compound expressed with (it is 
hereafter called "compound (1)") and the following general formula (2) (It is hereafter called "a 
compound (2)") And at least one sort of silane compounds chosen from the group of a 
compound (henceforth "a compound (3)") expressed with the following general formula (3) can 
be hydrolyzed, and the condensed hydrolysis condensate can be mentioned. 
RaSi(OR1)4-a (1) 

(R shows a hydrogen atom, a fluorine atom or a univalent organic radical, and an organic radical 
univalent in R1 among a formula, and a shows the integer of 1-2.) 
Si4 (OR2) (2) 

(R2 shows a univalent organic radical among a formula.) 
R3b(R40)3-bSi-(R7) d-Si(OR5) 3-cR6c .... (3) 

Among [type, in that R3-R6 are the same or a difference, a respectively univalent organic 
radical, and b and c, it differs, the number of 0-2 is shown, and the same or the radical (it is here 
and n is the integer of 1-6) as which R7 is expressed in an oxygen atom, a phenylene group, or 
-(CH2) n- and d show 0 or 1. ] 

[0006] Compound (1); in the above-mentioned general formula (1), an alkyl group, an aryl group, 
an allyl group, a glycidyl group, etc. can be mentioned as a univalent organic radical of R and R1. 
Moreover, as for R, in a general formula (1), it is desirable that it is an organic radical especially 
a univalent alkyl group, or a univalent phenyl group. Here, as an alkyl group, a methyl group, an 
ethyl group, a propyl group, butyl, etc. are mentioned, it is carbon numbers 1-5 preferably, and 
these alkyl groups may branch also by the shape of a chain, and the hydrogen atom may be 
further permuted by the fluorine atom etc. In a general formula (1), a phenyl group, a naphthyl 
group, a methylphenyl radical, an ethyl phenyl group, a chlorophenyl radical, a BUROMO phenyl 
group, a fluoro phenyl group, etc. can be mentioned as an aryl group. 

[0007] As an example of a compound expressed with a general formula (1) Trimethoxysilane, 
triethoxysilane, tree n-propoxysilane, Tree iso-propoxysilane, tree n-butoxysilane, tree 
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sec-butoxysilane, Tree tert-butoxysilane, triphenoxysilane, fluoro trimethoxysilane, Fluoro 
triethoxysilane, fluoro tree n-propoxysilane, Fluoro tree iso-propoxysilane, fluoro tree 
n-butoxysilane, fluoro tree sec-butoxysilane, fluoro tree tert-butoxysilane, fluoro 
triphenoxysilane, etc.; 

[0008] Methyl trimetoxysilane, methyl triethoxysilane, methyl tree n-propoxysilane, Methyl tree 
iso-propoxysilane, methyl tree n-butoxysilane, Methyl tree sec-butoxysilane, methyl tree 
tert-butoxysilane, Methyl triphenoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, Ethyl 
tree n-propoxysilane, ethyl tree iso-propoxysilane, Ethyl tree n-butoxysilane, ethyl tree 
sec-butoxysilane, Ethyl tree tert-butoxysilane, ethyl triphenoxysilane, Vinyltrimetoxysilane, 
vinyltriethoxysilane, vinyl tree n-propoxysilane, Vinyl tree iso-propoxysilane, vinyl tree 
n-butoxysilane, Vinyl tree sec-butoxysilane, vinyl tree tert-butoxysilane, Vinyl triphenoxysilane, 
n-propyltrimethoxysilane, n-propyl triethoxysilane, n-propyl tree n-propoxysilane, n-propyl 
tree iso-propoxysilane, n-propyl tree n-butoxysilane, n-propyl tree sec-butoxysilane, n-propyl 
tree tert-butoxysilane, n-propyl triphenoxysilane, i-propyltrimethoxysilane, i-propyl 
triethoxysilane, i-propyl tree n-propoxysilane, i-propyl tree iso-propoxysilane, i-propyl tree 
n-butoxysilane, i-propyl tree sec-butoxysilane, i-propyl tree tert-butoxysilane, i-propyl 
triphenoxysilane, n-butyltrimethoxysilane, n-butyltriethoxysilane, n-butyl tree n-propoxysilane, 
n-butyl tree iso-propoxysilane, n-butyl tree n-butoxysilane, n-butyl tree sec-butoxysilane, 
n-butyl tree tert-butoxysilane, n-butyl triphenoxysilane, sec-butyltrimethoxysilane, 
sec-epoxybutyltriethoxysilane, sec-butyl-tree n-propoxysilane, sec-butyl-tree 
iso-propoxysilane, sec-butyl-tree n-butoxysilane, sec-butyl-tree sec-butoxysilane, 
sec-butyl -tree tert-butoxysilane, sec-butyl-triphenoxysilane, t-butyltrimethoxysilane, 
T-butyltriethoxysilane, t-butyl tree n-propoxysilane, t-butyl tree iso-propoxysilane, t-butyl 
tree n-butoxysilane, t-butyl tree sec-butoxysilane, t-butyl tree tert-butoxysilane, t-butyl 
triphenoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, Phenyl tree n-propoxysilane, 
phenyl tree iso-propoxysilane, Phenyl tree n-butoxysilane, phenyl tree sec-butoxysilane, 
Phenyl tree tert-butoxysilane, phenyl triphenoxysilane, Vinyltrimetoxysilane, 
vinyltriethoxysilane, gamma-aminopropyl trimethoxysilane, gamma-aminopropyl triethoxysilane, 
gamma-glycidoxypropyltrimetoxysilane, gamma-glycidoxy propyltriethoxysilane, gamma-truffe 
ROROPURO pill trimethoxysilane, gamma-truffe ROROPURO pill triethoxysilane, etc.; 
[0009] Dimethyldimethoxysilane, dimethyl diethoxysilane, dimethyl-G n-propoxysilane, 
Dimethyl-G iso-propoxysilane, dimethyl-G n-butoxysilane, Dimethyl-G sec-butoxysilane, 
dimethyl-G tert-butoxysilane, A JIMECHIRUJI phenoxy silane, diethyldimethoxysilane, 
diethyldiethoxysilane, Diethyl-G n-propoxysilane, diethyl-G iso-propoxysilane, Diethyl-G 
n-butoxysilane, diethyl-G sec-butoxysilane, Diethyl-G tert-butoxysilane, a JIECHIRUJI 
phenoxy silane, G n-propyl dimethoxysilane, di-n-propyl diethoxysilane, G n-propyl-G 
n-propoxysilane, G n-propyl-G iso-propoxysilane, G n-propyl-G n-butoxysilane, G n-propyl-G 
sec-butoxysilane, G n-propyl-G tert-butoxysilane, a G n-propyl-G phenoxy silane, G iso-propyl 
dimethoxysilane, G iso-propyl diethoxysilane, G iso-propyl-G n-propoxysilane, G iso-propyl-G 
iso-propoxysilane, G iso-propyl-G n-butoxysilane, G iso-propy|-G sec-butoxysilane, G 
iso-propyl-G tert-butoxysilane, a G iso-propyl-G phenoxy silane, Di-n-butyl dimethoxysilane, 
di-n-butyl diethoxysilane, Di-n-butyl-G n-propoxysilane, di-n-butyl-G iso-propoxysilane, 
Di-n-butyl-G n-butoxysilane, di-n-butyl-G sec-butoxysilane, Di-n-butyl-G tert-butoxysilane, 
a di-n-butyl-G phenoxy silane, G sec-butyl dimethoxysilane, G sec-butyl diethoxysilane, G 
sec-butyl-G n-propoxysilane, G sec-butyl-G iso-propoxysilane, G sec-butyl-G n-butoxysilane, 
G sec-butyl-G sec-butoxysilane, G sec-butyl-G tert-butoxysilane, a G sec-butyl-G phenoxy 



JP2003-297832A 5 

silane, G tert-butyl dimethoxysilane, G tert-butyl diethoxysilane, G tert-butyl-G 
n-propoxysilane, G tert-butyl-G iso-propoxysilane, G tert-butyl-G n-butoxysilane, G 
tert-butyl-G sec-butoxysilane, G tert-butyl-G tert-butoxysilane, a G tert-butyl-G phenoxy 
silane, Diphenyldimethoxysilane, a diphenyl-G ethoxy silane, diphenyl-G n-propoxysilane, 
Diphenyl-G iso-propoxysilane, diphenyl-G n-butoxysilane, ;, such as diphenyl-G 
sec-butoxysilane, diphenyl-G tert-butoxysilane, a diphenyl JIFENOKI gardenia fruit run, and 
divinyl trimethoxysilane, can be mentioned. 

[0010] Preferably, they are methyl trimetoxysilane, methyl triethoxysilane, methyl tree 
n-propoxysilane, methyl tree iso-propoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, 
vinyltrimetoxysilane, vinyltriethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, 
dimethyldimethoxysilane, dimethyl diethoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, 
diphenyldimethoxysilane, and diphenyl diethoxysilane. these — one sort — or two or more sorts 
may be used simultaneously. 

[001 1] Compound (2); in the above-mentioned general formula (2). the same organic radical as a 
previous general formula (1) can be mentioned as a univalent organic radical. As an example of 
a compound expressed with a general formula (2), a tetramethoxy silane, a tetra-ethoxy silane, 
tetra — n-propoxysilane, tetra — iso-propoxysilane, a tetra — n-butoxy run, 

tetra — sec-butoxysilane, tetra — tert-butoxysilane, a tetra-phenoxy silane, etc. are mentioned, 
these — one sort — or two or more sorts may be used simultaneously. 

[0012] Compound (3); in the above-mentioned general formula (3), the same organic radical as a 
previous general formula (1) can be mentioned as a univalent organic radical. R7 among general 
formulas (3) as a compound of an oxygen atom Hexamethoxy disiloxane, hexa ethoxy disiloxane, 
hexa phenoxy disiloxane, 1,1,1,3, and 3-PENTA methoxy-3-methyl disiloxane, 1,1,1 and 3, 
and 3-pentaethoxy-3-methyl disiloxane. 1, 1, 1, 3. and 3-PENTA phenoxy-3-methyl disiloxane, 
1, 1, 1, 3, and 3-PENTA methoxy-3-ethyl disiloxane, 1, 1, 1 and 3, and 3-pentaethoxy-3-ethyl 
disiloxane, 1. 1, 1, 3, and 3-PENTA phenoxy-3-ethyl disiloxane, 1,1,1,3, and 3-PENTA 
methoxy-3-phenyl disiloxane, 1,1,1,3, and 3-pentaethoxy-3-phenyl disiloxane, 1,1,1,3, and 
3-PENTA phenoxy-3-phenyl disiloxane, 1, 1, 3, and 3-tetramethoxy -1 , 3-dimethyl disiloxane, 1, 
1, 3, and 3-tetra-ethoxy -1, 3-dimethyl disiloxane, The 1,1,3, and 3-tetra-phenoxy -1, 
3-dimethyl disiloxane, 1, 1,3, and 3-tetramethoxy -1, 3-diethyl disiloxane, 1,1, 3, and 
3-tetra-ethoxy -1, 3-diethyl disiloxane, The 1,1.3, and 3-tetra-phenoxy -1. 3-diethyl 
disiloxane, 1,1,3, and 3-tetramethoxy -1, 3-diphenyl disiloxane, 1, 1,3, and 3-tetra-ethoxy -1, 
3-diphenyl disiloxane, The 1, 1,3, and 3-tetra-phenoxy -1, 3-diphenyl disiloxane, 1,1, 
3-trimethoxy -1.3, and 3-trimethyldisiloxane, 1,1, 3-TORIETOKISHI -1,3, and 
3-trimethyldisiloxane, 1,1, 3-triphenoxy -1,3, and 3-trimethyldisiloxane, 1,1, 3-trimethoxy - 1, 
3, and 3-triethyl disiloxane, 1,1, 3-TORIETOKISHI -1,3, and 3-triethyl disiloxane, 1,1, 
3-triphenoxy -1,3, and 3-triethyl disiloxane, 1,1, 3-trimethoxy - 1, 3, and 3-triphenyl 
disiloxane, 1, 1 , 3-TORIETOKISHI -1, 3, and 3-triphenyl disiloxane, 1, 1 , 3-triphenoxy -1,3, and 
3-triphenyl disiloxane, 1, 3-dimethoxy - 1, 1, 3, and 3-tetramethyl disiloxane, 1, 3-diethoxy - 1, 
1, 3, and 3-tetramethyl disiloxane, 1, 3-JIFENOKISHI - 1, 1, 3, and 3-tetramethyl disiloxane, 1, 
3-dimethoxy -1,1,3, and 3-tetraethyl disiloxane, 1, 3-diethoxy -1,1,3, and 3-tetraethyl 
disiloxane, 1, 3-JIFENOKISHI - 1, 1, 3, and 3-tetraethyl disiloxane, 1 , 3-dimethoxy - 1, 1, 3, and 
3-tetra-phenyl disiloxane, 1, 3-diethoxy -1,1,3, and 3-tetra-phenyl disiloxane, 1, 
3-JIFENOKISHI -1,1,3, and 3-tetra-phenyl disiloxane etc. can be mentioned. 
[0013] Among these Hexamethoxy disiloxane, hexa ethoxy disiloxane, 1, 1,3, and 
3-tetramethoxy -1 , 3-dimethyl disiloxane, 1, 1, 3, and 3-tetra-ethoxy -1, 3-dimethyl disiloxane, 
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1, 1,3, and 3-tetramethoxy -1, 3-diphenyi disiloxane, 1, 3-dimethoxy -1,1,3, and 
3-tetramethyl disiloxane, 1, 3-diethoxy - 1, 1,3, and 3-tetramethyl disiloxane, 1, 3-dimethoxy - 
1,1,3, and 3-tetra-phenyl disiloxane, 1, 3-diethoxy -1,1,3, and 3-tetra-phenyl disiloxane etc. 
can be mentioned as a desirable example. 

[0014] In a general formula (3) d moreover, as a compound of 0 A hexamethoxy disilane, a hexa 
ethoxy disilane, a hexa phenoxy disilane, A 1, 1, 1,2, and 2-PENTA methoxy-2-methyl disilane, 
1,1, 1 and 2, and 2-pentaethoxy-2-methyl disilane, A 1, 1, 1, 2, and 2-PENTA 
phenoxy-2-methyl disilane, 1, 1, 1 and 2, and 2-PENTA methoxy-2-ethyl disilane, A 1, 1, 1, 2, 
and 2-pentaethoxy-2-ethyl disilane, 1,1,1 and 2, and 2-PENTA phenoxy-2-ethyl disilane, A 1, 
1,1,2, and 2-PENTA methoxy-2-phenyl disilane, 1, 1, 1 and 2, and 2-pentaethoxy-2-phenyl 
disilane, A 1, 1, 1, 2, and 2-PENTA phenoxy-2-phenyl disilane, 1, 1 and 2, 2-tetramethoxy -1, 
2-dimethyl disilane, 1,1,2, and 2-tetra-ethoxy -1, 2-dimethyl disilane, 1,1 and 2, the 
2-tetra-phenoxy -1, 2-dimethyl disilane, 1,1, 2, and 2-tetramethoxy -1, 2-diethyl disilane, 1, 1 
and 2, 2-tetra-ethoxy -1, 2-diethyl disilane, The 1,1,2, and 2-tetra-phenoxy -1, 2-diethyl 
disilane, 1, 1 and 2, 2-tetramethoxy -1, 2-diphenyl disilane, 1,1,2, and 2-tetra-ethoxy -1, 
2-diphenyl disilane, 1, 1 and 2, the 2-tetra-phenoxy -1, 2-diphenyl disilane, 1, 1, 2-trimethoxy - 
A 1, 2, and 2-trimethyl disilane, 1 and 1, 2-TORIETOKISHI -1,2, and 2-trimethyl disilane, 1,1, 
2-triphenoxy - A 1, 2, and 2-trimethyl disilane, 1 and 1, 2-trimethoxy -1,2, and 2-triethyl 
disilane, 1,1, 2-TORIETOKISHI -1,2, and 2-triethyl disilane, 1 and 1, 2-triphenoxy - 1, 2, and 
2-triethyl disilane, 1,1, 2-trimethoxy -1,2, and 2-triphenyl disilane, 1 and 1, 2-TORIETOKISHI 
-1,2, and 2-triphenyl disilane, 1,1, 2-triphenoxy -1,2, and 2-triphenyl disilane, 1, 2-dimethoxy 
- A 1, 1, 2, and 2-tetramethyl disilane, 1, 2-diethoxy -1,1,2, and 2-tetramethyl disilane, 1, 
2-JIFENOKISHI - A 1, 1, 2, and 2-tetramethyl disilane, 1, 2-dimethoxy -1,1,2, and 
2-tetraethyl disilane, 1, 2-diethoxy -1,1,2, and 2-tetraethyl disilane, 1, 2-JIFENOKISHI -1,1, 

2, and 2-tetraethyl disilane, 1, 2-dimethoxy - A 1, 1, 2, and 2-tetra-phenyl disilane, 1, 
2-diethoxy - A 1, 1, 2, and 2-tetra-phenyl disilane, 1, 2-JIFENOKISHI - A 1, 1, 2, and 
2-tetra-phenyl disilane etc. can be mentioned. 

[0015] Among these A hexamethoxy disilane, a hexa ethoxy disilane, 1,1, 2, and 2-tetramethoxy 
-1, 2-dimethyl disilane, 1, 1 and 2, 2-tetra-ethoxy -1 , 2-dimethyl disilane, 1, 1,2, and 
2-tetramethoxy -1, 2-diphenyl disilane, 1, 2-dimethoxy -1,1,2, and 2-tetramethyl disilane, 1, 
2-diethoxy - A 1, 1, 2, and 2-tetramethyl disilane, 1, 2-dimethoxy - A 1, 1,2, and 
2-tetra-phenyl disilane, 1, 2-diethoxy - A 1, 1, 2, and 2-tetra-phenyl disilane etc. can be 
mentioned as a desirable example. 

[0016] furthermore, in a general formula (3), as a compound of a radical by which R7 is 
expressed with -(CH2) n- Bis(trimethoxysilyl) methane, bis(triethoxy silyl) methane, Bis(tree 
n-propoxy silyl) methane, bis(tree i-propoxy silyl) methane, Bis(tree n-butoxy silyl) methane, 
bis(tree sec-butoxy silyl) methane, Bis(tree t-butoxy silyl) methane, 1 , 2-bis(trimethoxysilyl) 
ethane, 1, 2-bis(triethoxy silyl) ethane, 1, 2-bis(tree n-propoxy silyl) ethane, 1, 2-bis(tree 
i-propoxy silyl) ethane, 1, 2-bis(tree n-butoxy silyl) ethane, 1, 2-bis(tree sec-butoxy silyl) 
ethane, 1, 2-bis(tree t-butoxy silyl) ethane, 1-(dimethoxymethyl silyl)-l-(trimethoxysilyl) 
methane, 1-(diethoxymethylsilyl)-1-(triethoxy silyl) methane, 1-(G n-propoxy methyl 
silyl)-1-(tree n-propoxy silyl) methane, 1-(G i-propoxy methyl silyl)— 1 -(tree i-propoxy silyl) 
methane, 1-(G n-butoxy methyl silyl)- 1 -(tree n-butoxy silyl) methane, 1-(G sec-butoxy methyl 
silyl)-1-(tree sec-butoxy silyl) methane, 1-(G t-butoxy methyl silyl)-1-(tree t-butoxy silyl) 
methane, 1-(dimethoxymethyl silyl)-2-(trimethoxysilyI) ethane, 

1-(diethoxymethylsilyl)-2-(triethoxy silyl) ethane, 1-(G n-propoxy methyl silyl)-2-(tree 
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n-propoxy silyl) ethane, 1-(G i-propoxy methyl silyl)-2-(tree i-propoxy silyl) ethane, 1-(G 
n-butoxy methyl silyl)-2-(tree n-butoxy silyl) ethane, 1-(G sec-butoxy methyl silyl)-2-(tree 
sec-butoxy silyl) ethane, 1-(G t-butoxy methyl silyl)-2-(tree t-butoxy silyl) ethane, 
Bis(dimethoxymethyl silyl) methane, bis(diethoxymethylsilyl) methane, Bis(G n-propoxy methyl 
silyl) methane. bis(G i-propoxy methyl silyl) methane, Bis(G n-butoxy methyl silyl) methane, 
bis(G sec-butoxy methyl silyl) methane, Bis(G t-butoxy methyl silyl) methane, 1, 
2-bis(dimethoxymethyl silyl) ethane. 1, 2-bis(diethoxymethylsilyl) ethane, 1, 2-bis(G n-propoxy 
methyl silyl) ethane. 1. 2-bis(G i-propoxy methyl silyl) ethane, 1, 2-bis(G n-butoxy methyl silyl) 
ethane, 1, 2-bis(G sec-butoxy methyl silyl) ethane, 1, 2-bis(G t-butoxy methyl silyl) ethane, 1, 
2-bis(trimethoxysilyl) benzene, 1, 2-bis(triethoxy silyl) benzene, 1, 2-bis(tree n-propoxy silyl) 
benzene, 1, 2-bis(tree i-propoxy silyl) benzene, 1, 2-bis(tree n-butoxy silyl) benzene. 1, 

2- bis(tree sec-butoxy silyl) benzene, 1, 2-bis(tree t- butoxy silyl) benzene, 1, 

3- bis(trimethoxysilyl) benzene, 1, 3-bis(triethoxy silyl) benzene, 1, 3-bis(tree n-propoxy silyl) 
benzene, 1 , 3-bis(tree i-propoxy silyl) benzene, 1 , 3-bis(tree n-butoxy silyl) benzene, 1 , 

3- bis(tree sec-butoxy silyl) benzene, 1, 3-bis(tree t-butoxy silyl) benzene, 1, 

4- bis(trimethoxysilyl) benzene, 1 , 4-bis(triethoxy silyl) benzene, 1 , 4-bis(tree n-propoxy silyl) 
benzene, 1, 4-bis(tree i-propoxy silyl) benzene, 1, 4-bis(tree n-butoxy silyl) benzene. 1. 
4-bis(tree sec-butoxy silyl) benzene, 1 , and 4-bis(tree t-butoxy silyl) benzene etc. can be 
mentioned. 

[0017] Among these Bis(trimethoxysilyl) methane, bis(triethoxy silyl) methane, 1, 
2-bis(trimethoxysilyl) ethane, 1, 2-bis(triethoxy silyl) ethane, 1-(dimethoxy methyl 
silyl)-1-(trimethoxysilyl) methane, 1-(diethoxymethylsilyl)-1-(triethoxy silyl) methane. 

1- (dimethoxymethyl silyl)-2-(trimethoxysilyl) ethane, 1-(diethoxymethylsilyl)-2-(triethoxy silyl) 
ethane, Bis(dimethoxymethyl silyl) methane, bis(diethoxymethylsilyl) methane, 1 , 

2- bis(dimethoxymethyl silyl) ethane. 1, 2-bis(diethoxymethylsilyl) ethane. 1, 
2-bis(trimethoxysilyl) benzene, 1, 2-bis(triethoxy silyl) benzene, 1. 3-bis(trimethoxysilyl) 
benzene, 1, 3-bis(triethoxy silyl) benzene, 1, 4-bis(trimethoxysilyl) benzene. 1, and 
4-bis(triethoxy silyl) benzene etc. can be mentioned as a desirable example, these one sort 
— or two or more sorts may be used simultaneously. 

[0018] the molecular weight of the hydrolysis condensate of compound (1) - (3) — the weight 
average molecular weight of polystyrene conversion — it is — usually — 500-300,000 
desirable — 700-200,000 — it is 1,000 to about 100,000 still more preferably. 
[0019] Moreover, when each component of compound (1) - (3) is converted into a full hydrolysis 
condensate, it is desirable that a compound (3) is 5 - 40 % of the weight still more preferably 
five to 50% of the weight preferably five to 60% of the weight to the total amount of a compound 
(1), a compound (2), and a compound (3), and it is weight ][ of [compound (1) ] < [weight of a 
compound (2)]. At a rate of each component converted into the full hydrolysis condensate, the 
mechanical strength of the paint film from which a compound (3) is obtained in less than 5% of 
the weight of the total amount of a compound (1) - a compound (3) falls, on the other hand, if it 
exceeds 60 % of the weight, absorptivity will become high and electrical characteristics will fall. 
Moreover, the reinforcement of the paint film obtained as the weight of a compound (1) is more 
than the weight of a compound (2) is inferior. In addition, in this invention, a full hydrolysis 
condensate means that from which it hydrolyzed 1 00% and became a SiOH radical, and the SiOR 
radical of compound (1) - (3) condensed still more nearly thoroughly, and became siloxane 
structure. 

[0020] As for an inorganic system insulator layer layer, in this invention, it is desirable to form 
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by applying and heating the coating liquid which dissolved hydrolysis of the above-mentioned 
silane compound and a condensate in the organic solvent. As an organic solvent, at least one 
sort chosen from the group of alcoholic solvent, ketone solvent, an amide system solvent, ester 
solvent, and a non-proton system solvent is mentioned. In an organic solvent, alcoholic solvent 
is desirable. A spin coat, clipping, a roller blade, etc. are mentioned as the method of application 
of such coating liquid. Thethickness in this case can form a paint film with a thickness of about 
0.1-3 micrometers by coating once as desiccation thickness by about 0.05-1.5 micrometers in 
thickness, and 2 times coating. The thickness of the paint film to form is usually 0.2-20 
micrometers. 

[0021] As the heating approach in this case, a hot plate, oven, a furnace, etc. can be used and it 
can carry out under nitrogen-gas-atmosphere mind, argon atmosphere, and a vacuum under 
atmospheric air as a heating ambient atmosphere under the reduced pressure which controlled 
the oxygen density etc. Moreover, since the cure rate of the above-mentioned (A) component 
is controlled, if needed, it can heat gradually or ambient atmospheres, such as nitrogen, air, 
oxygen, and reduced pressure, can be chosen, thus, the silica or siloxane system film obtained 

— specific inductive capacity — 1.5-3.2 — desirable — 1.5-3.0 — further — desirable — 
1.8-2.8, and a film consistency — usually — 0.35 - 1.2 g/cm3 — desirable — 0.4 - 1.1 g/cm3 

— it is 0.5 - 1 .0 g/cm3 still more preferably. If the mechanical strength of a paint film falls and 
a film consistency exceeds 1.2 g/cm3 on the other hand in less than three 0.35 g/cm, low 
specific inductive capacity will not be obtained. In this invention, the film which vapor-deposits 
the above-mentioned silane compound with a CVD method as an inorganic system insulator 
layer can also be used. 

[0022] In metallic-oxide film this invention, on said inorganic system insulator layer The 
metallic-oxide film which uses as a configuration element at least one kind chosen from B, 
aluminum, Ga, In, Tl, germanium. Sn, Pb, Ti. Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Zn, Cd, P, As, Sb, Bi, 
and Ce Or it is the description to form the silicon oxide compound film (henceforth the 
"metallic-oxide film" in accordance with these) with a consistency higher than an inorganic 
system insulator layer (refer to drawing 1 ). 

[0023] As for the metallic-oxide film in this invention, it is desirable to form by applying and 
heating the coating liquid which dissolved the hydrolysis (part) condensate of the metal alkoxide 
of the above-mentioned metallic element in the organic solvent. As a metal alkoxide of this 
starting material, it is desirable that it is alkoxysilane. The same thing as the silane compound 
used as alkoxysilane in order to form an inorganic system insulator layer can be mentioned. As 
an organic solvent, at least one sort chosen from the group of alcoholic solvent, ketone solvent, 
an amide system solvent, ester solvent, and a non-proton system solvent is mentioned. In an 
organic solvent, alcoholic solvent is desirable. Although the metallic-oxide film usually carries 
out spreading baking of the hydrolysis (part) condensate of a metal alkoxide in this invention 
and is obtained, as a means for making the spreading film harden and insolubilize, it can contain 
a potential mold acid generator in a coating liquid system, and can also promote the hardening 
reaction in a membrane formation process. A latency heat acid generator and a latency 
photo-oxide generating agent can be mentioned as an acid generator used for such the object. 
An above-mentioned latency heat acid generator is a compound which usually generates 
preferably 50-450 degrees C of acids by heating at 200-350 degrees C, onium salt, such as 
sulfonium salt, benzothiazolium salt, ammonium salt, and phosphonium salt, is used, and a 
latency photo-oxide generating agent is usually a compound which generates an acid by the 
ultraviolet radiation exposure of 10-50mJ preferably one to 100 mJ. The burning temperature of 
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the paint film of the coating liquid which carries out the principal component of the hydrolysis 
(part) condensate of a metal alkoxide has the desirable temperature of 80 degree-C-450. A 
firing environments is usually calcinated under ordinary pressure nitrogen or a vacuum. 
Although the range of the film after membrane formation is 1nm - 500nm, it is usually used in 
10nm- 200nm. 

[0024] The formation approach of copper DAMASHIN of formation approach this invention of a 
copper pellet syn conformation is characterized by forming a metal oxide film in the upper layer 
of the inorganic system insulator layer which forms wiring and a beer layer. Membranes are 
formed by the above-mentioned approach on the silicon nitride usually formed by the 
plasma-CVD method which is an insulator layer for copper diffusion prevention, or the silicon 
carbide system film, and further, an inorganic system insulating layer forms membranes by the 
above-mentioned approach, and makes the metallic-oxide film copper pellet syn form #### 
layered product structure (refer to drawing 1 ). In case this copper pellet syn form layered 
product structure is formed, desiccation and where partial hardening (B stage) is carried out, a 
metallic-oxide membrane layer is applied and dried, partial hardening of the inorganic insulator 
layer layer can be carried out, and baking hardening of an inorganic system insulator layer layer 
and the metallic-oxide membrane layer can be carried out simultaneously. Since this approach 
can lower the heat balance of the whole wiring process, it is desirable. This copper pellet syn 
form **** layered product structure forms a DAMASHIN slot or/and a beer hall through 
FOTORISO and an etching process, and covers a slot or/and a beer hall with barrier metal, and 
copper should be embedded further in a wiring gutter and/or a beer hall (refer to drawing 2 ). 
The barrier metal by which the laminating was carried out to the copper by which the laminating 
was carried out to the excess, and the management of an insulating layer is removed by the 
chemical machinery grinding method (CMP). Its dielectric constant is high, and since a metal 
oxide-film layer shows the property of a conductor and a semi-conductor, it is not usually still 
more desirable as an insulating layer. Therefore, it is desirable to also remove the metallic-oxide 
membrane layer located in the lower layer of barrier metal at a CMP process (refer to drawing 
3). 

[0025] 

[Example] Hereafter, an example is given and this invention is explained still more concretely. 
However, the following publications show the example of a mode of this invention generally, 
there is especially no reason and this invention is not limited by this publication. In addition, the 
section in an example and the example of a comparison and % show that it is weight section and 
weight %, respectively, unless it mentions specially. 

[0026] The synthetic example 1 (preparation of the coating liquid for inorganic system insulator 
layers) 

The maleic acid was added and it was referred to as pH=2.5, after adding methyl trimetoxysilane 
15g (7.4g of full hydrolysis condensate conversions), and tetra-ethoxy silane 20g (5.8g of full 
hydrolysis condensate conversions) into 5g of 25% aqueous ammonia solutions, 320g of 
ultrapure water, and an ethanol 600g mixed solution and carrying out a reaction at 60 degrees C 
for 3 hours. Propylene glycol monopropyl ether 150g was added to this solution, it condensed 
under reduced pressure after that, and the constituent solution of 9% of solid content contents 
was obtained. The weight average molecular weight of polystyrene conversion of this hydrolysis 
condensate was 300,000. Here, weight average molecular weight was measured by the GPC 
method, and carried out polystyrene conversion. 

[0027] The synthetic example 2 (preparation of the coating liquid for metallic-oxide film 
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formation) 

(1) After dissolving tetramethoxy silane 106.4g1n propylene glycol monopropyl ether 298g, it 
was made to stir by the three one motor,-and solution temperature was stabilized at 60 degrees 
C. Next, 50g of ion exchange water in which 2.1 g of maleic acids was dissolved was added in the 
solution over 1 hour. Then, after making it react at 60 degrees C for 4 hours, reaction mixture 
was cooled to the room temperature. After removing the solution which contains a methanol 
from reaction mixture at 50 degrees C by 90g evaporation, propylene glycol monopropyl ether 
643g was added, and the solution (A) was obtained. 

(2) As a (B) component, in the solution (A), bis(4-t-buthylphenyl) iodonium camphor sulfonate 
5g was added, it filtered with the filter made from polytetrafluoroethylene (trade name; Teflon) 
of 0.2-micrometer aperture, and the coating liquid for metallic-oxide film formation was 
obtained in it. 

In the separable flask made from synthetic example 3 quartz, after making it dissolve in 
propylene glycol monoethyl ether 258g, pentaethoxy tantalum 25. 7g was made to stir by the 
three one motor, and was stabilized in solution temperature of 60 degrees C. Next, it added in 
the solution, having bet propylene glycol monoethyl ether 64.6g containing 1.43g of ion 
exchange water for 30 minutes. Then, after making it react for 30 minutes at 60 degrees C, 
reaction mixture was cooled to the room temperature. The solution which contains the ethanol 
which is a by-product from reaction mixture at 50 degrees C was removed by 268g evaporation, 
propylene glycol monoethyl ether 93.3g was added and diluted, it filtered with the filter made 
from polytetrafluoroethylene (trade name; Teflon) of 0.2-micrometer aperture, and the coating 
liquid for metallic-oxide film formation was obtained. 

In the separable flask made from synthetic example 4 quartz, after making it dissolve in 
propylene glycol monoethyl ether 235g, tetraisopropoxy titanium 49.8g was made to stir by the 
three one motor, and was stabilized in solution temperature of 60 degrees C. Next, it added in 
the solution, having bet propylene glycol monoethyl ether 58. 8g containing 6.3g of ion exchange 
water for 30 minutes. Then, after making it react for 30 minutes at 60 degrees C, reaction 
mixture was cooled to the room temperature. The solution which contains the ethanol which is 
a by-product from reaction mixture at 50 degrees C was removed by 21 Og evaporation, 
propylene glycol monoethyl ether 175g was added and diluted, it filtered with the filter made 
from polytetrafluoroethylene (trade name; Teflon) of 0.2-micrometer aperture, and the coating 
liquid for metallic-oxide film formation was obtained. 

[0028] The coating liquid for inorganic system insulator layers manufactured in the synthetic 
example 1 was applied with the spin coat method, and, subsequently was heated for 1 minute at 
200 degrees C under nitrogen for 1 minute by 80 degrees C among atmospheric air on the 
substrate which formed the 400nm silicon nitride film by the usual plasma-CVD method on the 
example 1 silicon substrate. The specific inductive capacity of this inorganic system insulator 
layer was 2.3, and the consistencies were 1.2 g/cm3. Here, this specific inductive capacity and 
a consistency were computed from membranous thickness, the volume for which it asked from 
a membranous area, and membranous weight. Furthermore, subsequently heating heating of the 
coating liquid for metallic-oxide film formation manufactured in the synthetic example 2 was 
carried out for 1 minute at 200 degrees C among atmospheric air for 1 minute by 80 degrees C 
among spreading and atmospheric air. Furthermore, the layered product structure which 
consists of an inorganic system insulator layer layer of 500nm of thickness and a metallic-oxide 
membrane layer of 30nm of thickness was formed by heating at 425 degrees C under a vacuum 
for 1 hour. In addition, the consistency of this metallic-oxide membrane layer was 1.6. Here, the 
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consistency of this metal oxide layer was computed from membranous thickness, the volume 
for which it asked from a membranous area, and membranous weight. Furthermore, 100nm 
laminating was performed for the TaN film which is a barrier metal layer by PVD, and the layered 
product structure for bond strength measurement was formed. When this layered product 
structural-failure toughness for bond strength measurement was measured using the bending 
method 4 point, the high value of 4 J/m2 was shown. Destruction was mainly in cohesive failure 
mode of an inorganic insulating layer. On the other hand, when the fracture toughness of the 
layered product of the structure except a metal oxide film layer was measured using the 
bending method 4 point from the layered product structure for bond strength measurement, the 
fracture toughness value was 1 .5 J/m2, and destructive mode was the interface of an inorganic 
insulating layer and a barrier metal layer. By the above experimental result, it was proved that 
the metal oxide film layer is functioning as a glue line between an inorganic insulating layer and 
a barrier metal layer. Moreover, when the layered product structure for bond strength 
measurement was formed using the metallic-oxide film formation important point coating liquid 
manufactured in the synthetic example 3 or the synthetic example 4 instead of the coating 
liquid for metallic-oxide film formation manufactured in the synthetic example 2 in the above, in 
any film, the metal oxide film layer was functioning as a glue line between an inorganic insulating 
layer and a barrier metal layer. 
[0029] 

[Effect of the Invention] In this invention, by considering as the configuration of such a layered 
product, the mismatch of the dynamics property between the inorganic insulating layers used 
for the insulating layer for copper diffusion prevention, a wiring layer, and a beer layer can be 
canceled, and completeness of the troubles produced at the time of the CMP process in pellet 
syn form ** or a thermo cycle, such as exfoliation and crack initiation, can be carried out. 



[Translation done.] 
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* NOTICES * 

-JPO and NCIPI are not responsible for any 
damages- caused-by-t he use of- this- translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the copper pellet syn form **** layered product structure 
before carrying out the laminating of the barrier metal layer and copper in this invention. 
[Drawing 2] It is the block diagram showing an example of the copper pellet syn conformation in 
front of CMP in this invention. 

[Drawing 3] It is the block diagram showing an example of the copper pellet syn conformation 
after CMP in this invention. 



[Translation done.] 



JP2003-297832A 13 

* NOTICES * 
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3.1n the drawings, any words are not translated. 
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xf;i/h y - i so -y'a7i<^r^>y>. x^;U 
h , J-n-7'h^>>'7> v x^h'J-sec-T'h 
+ ->V^>, xt^U h 'J-ter t -yht^>7>, 



R'ttlffi^W^S. a«1^2©fflR«:5%r. ) 
(2) 

-S i (OR 5 ) 3 - c R\ 
• •'• • (3) 

> % t:xj^yxh+^>7>, tfx;l/h y-n-^n 
#*^>^>, ^xj^'J-iso-7*aW^>7 
> v trx;b h y -n - zfY^Jlsyls. t'x;l/ h y - s 
ec-^h^>7>, ^hy-tert-7'ht 
>>^>, ^HJ7i./+^>7>, n-^dfc^U 

hy^h*^>^>, n-7'nt>hyxh+^>7 

n - 7*n b';l/ h 'J - n - 7"o ^>7 n 
of;l/fy-i so-^OtK+v^^^, n-^atOl/ 
hy-n-^h+W7>, n-7'UfJl/Fy-sec 
-T'h + i/y^y, n - fcVU h'j-t er t-T'h 
+->->^>, n-7 , Dt , ;bF , J7x/^»7> k i- 
T'ofji/ h yy h+->v^>, i -^utvi/ h y x 
>>^>. i-7 p Db , ;l'hy-n-7 , D#f^>7X 
i -7'Pt^f y - i so -:/P#*>">^>. i 
nfcMl/h y -n -:/h*>S^>, i -7"Pf;I/ h y - 
sec-^F+^7>, i-7'Pb^hy-ter t 

b^>:>^>, i -7*Pt*;Uh 'J7xy+yy7 

n-7 , ^bh^F1 1 '»7^ n-7'Whyx 
h^SySy^>. n-^7 c ;bhy-n-^P3i<+>'^^ 

n-7'Why-iso-7 , a^»7>, n- 
h 1; - n - ^ h +->->^ > % n - h y - s 

e c --JY^risis^ls. n-zff-frb 'J-tert-7* 
b Crisis y n-^l/Fy7iy^»7>, se 
c-^^hy^h^^>7>, sec-^FVx 

>^>, sec -^ib- b y - i s o 

s e c F 'J - n -T" F + ^>7>, s 

e c b y - s e c - y b^ri/isy sec 

~y^-)V- F'j-te r t-T'F+^v'^y, sec- 

^j^- h y7x/*^>7>, t h y y 

->5>^>, t-7'Whyxh^^>7>, t-:/^ 
hy-n-7'P^^^7>, t-7'fJl/MJ-iso 
-^D^^yV^y, t - -Jf-Jl bV -n-yb 

t-7'Why-sec-7'F^yy7>, t - 
7*^l/hy-t ert-^h+^X t-^JUK 
ij7i>/tyy7>, 7xx;l/ h y y b^isZsy^. y 
xx;^yxh+yV7>, 7 *x;t/ b V -n 
*S/5^>, 7xx;l/HJ-i so-7*n#tyy7 

7^x;^y-n-7'htW7X 7ix;i/Fy 
-sec - ^h+^V^>, 7j:x;VF 'J-tert- 
7*h*^>7>, 7xx;^y7*y+yy7>, tfx 



(4) 
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)l>hVs< b+isisyl'* ^hijxh^^>7>, r 
-7 5 S7'Ut')l h y ^ b^risis^^, T-7^7'P 

t';i/ hyx h + >'->5>, r - PVts K+v^'p tvw h 

*2y£y^>, r-h'J^ap^PfJl'Fyy 

r- b 'J^pp ^Dt';i/h yx h+^^>^>^<t ; 
[0 00 9] ^^;^Ft^>7>, 

SPy^-SP- i s o -y*X2&*rZs*sy> s S»?\rt/- 

n b*cisisyls. ^?Jl/-^-sec-^F 10 
+V*y^>, y^W-i/-tert-yh^»7 

SPyy-il^:? *-/*S/^5>, ^xf 
2/9 ^if;l/^xh+^>7> k S/x^b-iy-n 
-7'a^^>7>, ^x?-;!/-*/- i s o-^o^ 
*/i/9>, */x 7~;l> n-7 isis y > y is*.* 
)V-is- sec -^h+V^>^>, i/x^-$;-te 

$;xh^7>, ^-n-7 , Pt , ;l/-^»n-7'a# 

W9>, -:/h+i/*/9 
y-n-T'Pt'Jl/-^ - s e c-^Ft^>7>, 
er t-^F + ^>7>, i/ 
-n-7'Dfc'jl/-^-7iyt^>7A is- i s o - 
:/p ¥)1>*J>M V +->^v>, i?- i s o-7'Pt'^x 
h + S/^9X so-ynb^-^.-n-^n* 
^>7>, ^-i s o -7'Pt'Ji/-i/- i s o -y'a 
#*risZ/5> y V- \ so-7'D f;U -is- n - y b=*r 
isis^Zs. is- i s o -.^Pb'^-y- sec-^Ft 
->->9>, */- i s o -7'Pb'Jb-y- tert 30 
+ */- i s o-T/a t'JV-is-y xS3riszs 

y>. V>- n- 7?- Jits J h + ^>-5>, ^-n-:/^ 

+ S/^9>, y-n -:/?\>l/-i?- i so-7'P^^ 
2/9 > % S?-n -T/^J^-SP-n -"^h +2/5/9:/, is 
-n-^ib-S/-sec-^F^>'>7> 4 2/- n - 
^;l/-^-ter t-^F^^>7>, ^-n-^f 
^-^-7x/ + ^>7>, 2/- sec -y^JlisJ b 
+2/2/9>, S/-sec-^WxFti/i/7>, 2/ 
-sec-^W-^-n-^P^^^ v 1 - s 40 
e c - ZfJ-JV- is- i s o -y'U ?}<+ 2/2^9 > % 2/ — s 
e c —zf^)V— is- n-'? h + 2/2/9 2/- s e c - 
^-i/-s ec-^F+'»7>, y-sec-y 
^-y-tert-^F^yy7>, y-sec-^ 
W-i/-7x>'+^>7>, 2/- tert -y^Jlis 
yF+yy7>, ^-tert-^;^xh + ^>7 

y-t er t-^-y-n-^P#*J/J/5 
>s y-ter t- :/3 L ;l/-2/- i so - :7*PtJ<+2/2/ 
y-tert-^JV-^-n-^F+^7 

2/- tert - :/3Ml/-2/- sec - :7* h + ^2/9 50 



y-tert-m-^-tert-^F^yy 
9>, is- tert - 2^ -:?>-/ + 2^2/ 9 * 

2/:7*x,>b2/^ h + 2/2/9>, l?V*~)\*-V- x h + 
2/2/9 > % ^7x^-S/-n"7'P#+^^7>, 2/ 
7xxjl/-i/- i S o -:/i3#*2/2/9:/» >>:7*x;L/ 
— 2/— n — :/h +2/2/9 > v isy ^^)V-is- s e c - 
:/ h+:>:>9>, ^7x^1/-^- ter t-^h+y 
2/9 y7x^y7x/ + yy7X */bx;l/F'J 
^ h +2/2/9 ; 5rPf4Ct^4o 
[0010]»il<» 4 J*)lbVj* h + S/2/9>, 
y^l-F VxF*^>7>, ^f^FV-n-^a^ 
z>->^>, y- i s o -7'p^+^i/7>, x 

h h+2^>9>, x^il/F'JxF^W^y, 
hTx^r* yy h+2/2/9>, b^^F'JxFt^ 

7x^Fy^F+y^7y, 7xx;^iJxF + 
2^>9>, .2of*Jl/2P-rf h+2/2/9>, ^^xF 
+2/2/9:/, 2/x?-;U2/^ h + v^>9>, 2/x^l/2/x 
h+S/2/9>, 2y? xx;b2/-X h+2/2/9>, isy 

1 0 0 1 1 ] it&&) ( 2 ) ; ±EHW ( 2 ) Cc*sl> 

i»DWiii ittt, %<o-m& ( i ) &^««c 
«B««*tf*ci#r#*. -«5£ (2) T*sti* 

{t^*©*fWNiUttt, T*h9jrf h+2/2/9>, T*h 
7xFtyy7>, -r H9-n - :/P#+ 2/2/9 >; -r 

F7- i so -:/P #+2/2/9 t by — n — :/h + 
2/9 fF^-sec-^F^y?^ f F7 - t 

ert-T'F^y^y, ^ h 9 7 * / r +2'2/9 if 
^Cf6tl^ 0 Ctl6«, l*i&£l^2«jy±£|l!l$ 

[0012] <t^» ( 3 ) ; ±EH»* ( 3 ) &C*5l> 

liofflttiittt, 3t<D-flas: ( i ) <biHi«ft 

WSI4W5Ci^S5. -fift^ (3) <D5*^ R 
'sWBBRJR^fO^^WiLrtt. ^+iM h+2/2*2/a 
+1f>, ^+tJ*x H+2/2P2/P+U*:/, ^^if^^y^ 
2/2^2/P+lf:/, 1. 1. 1, 3. b^is 
-3-J?-)l<islsa*yy x 1, 1, l, 3. 3— ^> 
£x h^ix- 3 -M+frVisU^Zs. 1. 1.1, 
3, 3 -^>^7x/1 : y-3 - ^^)liyis\2^rVy. 
1. 1, 1. 3. 3 b+iy-3 -x^;l/^-> 
P^1t>, 1. 1, 1, 3, 3 --^>£X b*ris- 3 - 
x^;l/^Syn+if>, l, 1, 1.3, 3 — ^istty*. 
s>*y- 3 -x^yvP+f>, 1, 1, 1. 3. 3 
--<>£y h + ^>- 3 -7*x;b^p + if > v 1, 
1, 1, 3. 3-^y^xFty-3-7^ ^jWisV 
*1f>, 1, 1, 1, 3, 3-^>^^^-/+->-3 - 
:7ctx;^>/p*-F>. 1. 1. 3. 3 -7" F-^y 
iy- 1 , 3 -Zsj**)lisisV*1}-ys 1, 1. 3, 3- 
7=* h^X b*is- 1 , 3-^y^^^P^^>, 1. 
1. 3. 3 -T- h77xy^y- 1 , 3 -isst^)lisis 



P*1f>, 1, 1. 3. 3-^by^ b*is- 1 , 3 - 
^x^;U^^P*1^>, 1, l'. 3, 3^rh7Xh + 
5y-l, 3-^x^;l^>d+1f> v 1. 1, 3, 3- 

1. 1, 3, 3-f 3 
v^P^X 1, 1, 3, 3 -fh b^is- 1 , 
3 xX^^^P+lf 1 , 1, 3, 3-f b ^ 
7x^-1, 3-i/7x^>D^X 1, 
1, 3- MM h*5/- 1. 3, 

1,1, 3, 3-MJ 

^*;l^>P*1f->. 1, 1, 3- h »J7xyty- 
1, 3, 3-h , ;^?;^>P : ff'>, 1, 1. 3 - h 
»M h^>- 1 , 3, 3 - MJx*;l^>P*1t:>\ 
1, 1, 3-h'iih^-l, 3, 3-MJx^y 
->a*1f>, 1. 1. 3- MJ?*> r 4 t 2'- 1. 3, 3 
- Mjx*;t/>^>P^lJ->, 1. 1. 3-h^h + ^ 
-1, 3, 3- h VV *~)VisisU**Ks. 1, 1, 3 
-Fyxh+S/-1, 3, 3- MJ7*x;l^>p*if 

1, 1. 3 - b VyxS^is- 1 , 3, 3-hU^ 
x.^Jlisi/U^y-ls^ 1, 3-2Mh*^-l. 1, 
3, h^^v^P + lf >, 1, 3-^xFt 

l , 1, 3, 3-f hv^^vn^lf^, 1, 
3-^7x^-1, 1, 3. 3-f h7^^;^i/ 
P*1f>, 1, 3-^F^>-l, 1, 3. 3 -T- h 
^x~M^^P*1f 1. 3-5/xh + >>-l t 1, 
3, 3-^ h^x^;l/^ixp + ^>^ i, 3-i/7x>/ 

1, 3, 3 --r h^x^;l/5>>P+1f>, 
1, 3-iMh*S"-l, 1, 3, 3 by? *^)l> 
Zs^U*V>. 1. 3-^xF^V- 1,1, 3, 3- 
r h ^x;i/>^VP+1f 1, 3-^:7*^*^- 
1, 1, 3, 3-v-b^y x^;^»P^f 

[0013] Cti6CD^%, ^*1M h + ^^>P + ^ 
>. -Mf-frx b+v-v^P^tf 1,1,3, 3 
h9-rfh*f-l. S-^^i^P+lT'X 1, 

1, 3. 3-f F7ih + ^- 1. 3-iM*;l^>P 

1, 1, 3, 3-^h^ 1, 3-^ 

7xx;l/^>a+t>, 1, 3 b*is- 1 , 1, 

3, 3-t" VyJ3-)\>i/UV*V 1, 3-^h + 
V- 1 , 1, 3, 3-rh7^ ^JI/^^P^1^>, 1, 
3 -V* b^>- 1 , 1, 3, 3-rh77x^-> 
P*U*>, 1. 3-yxF^y- 1 , 1, 3, 3-fh 
^:7*x;l^:yp*^>&££, #£LC^<tLT^tf 

[oo i 4] — «W (3) ectei^r. d*soo<b 

£W£LX\Z. ^*1M Y*isV>isy^, + 
:>^>^>, ^Vy ^s^lsisi/yls. 1, 1. i. 

2, 2-^>3?yh ; t : ^-2-^^>7X 1, 
1, 1, 2, 2 M^>- 2 ^Jlisisy 

1, 1, 1. 2. 2-^>^^^^*^-2-^^ 
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;l^>^>, 1. 1, 1. 2. 2 1**^-2 
-x^J^v'^X 1, 1, 1, 2, 2-^>3?xF + 
V- 2 -x?-;l/i>>^>, 1, 1. 1. 2, 2-^>£ 
7^^>2-i^>7X 1, 1. 1. 2, 2 

--<>£^ b^>- 2 -y *^)i>z/f7>. 1. l, 

1. 2, 2-^x^^-2-7i^>'7X 
1, 1,1, 2. 2 ~^^^y x. S*rzs- 2 -y 

1, 1.2. 2 -7" h yJ b*f- 1 , 2- 
1 , 1 , 2, 2-7*h7Xb^- 
10 1, 2-V>j**)\sVlsyZs. 1, 1. 2. 2 -*r h^? 

xy^>-i, 2-^*;i^>^>, 1. l. 2. 2 
-f* h7^ 1 . 2 -l>&*)\sVlsy\s. 1, 

1. 2, 2-?h7xF^-l, 2-^x^;U^^^ 
X 1,1, 2, 2-f h77x y + v- 1 , 2 -is* 
^fri/isy^s. \ t l, 2, 2 -f" h ^ h+^>~ 1 . 
2 -v^ ^x;l/i>V^>, 1, 1, 2, 2 -rF7i h 
2-W x.~)WisyZs< 1, 1. 2, 2- 
f-h^^ ^y + ->- 1, 2 -^7 *x;l^>^>, 1. 
1. 2. 2-hy^^^>7 

20 1, 1, 2-hyxh^-l, 2, 2- MM* 

;l/*/^> % 1, 1, 2-f'J7xy^>-l, 2, 2 
-hV^f;^>7>, 1. 1, 2-MMh*^- 
1. 2, 2-h'Jxf;^^7>, 1, 1, 2-hVx 
h + ^-1, 2, 2-h'Jx^^>7>, 1, 1, 2 
- b *)y*s*is- 1 . 2, 2 - h 'JxW^>7>, 
1. 1. 2 - h »M h^>~ 1 , 2, 2- b 'i7x^l/ 
^>^>, 1, 1, 2-h'Jxh^-l, 2, 2-h 
»jy^x;l/^>^> v l, l. 2 - MJ?*^*!'- 
1, 2, 2 - b 'j7x^>7>, 1. 2-SMh* 
30 1, 2, 2 -^b^^l^v^X 1.-2- 

yxh*S/-l, 1. 2, 2--rh^^*^^>'^> v 
1, 2-^7i^>-1, 1. 2. 2 -t* byJf-fr 
isisyZs. 1. 2 -5M b*is~ 1 , 1. 2, 2~Tb 
71^1/^7/ 1. 2-^xh^-l, 1, 2. 
2 - t^ h ^x^;Ui^>^>, 1, 2 * y^->- 

1. 1. 2, 2 -7" h7Xfj^>7>, 1, 2-iM 
h + v'- 1 , 1, 2, 2-f h77x^^>7>, 

1, 2-^xft^-l, 1. 2, 2-f h77xx;l/ 
t?Sy^>, 1, 2 *^^>- 1 , 1, 2, 2-t* 

40 byy ^-frisisy^tzZ*^ Ztt&VZ&o 
[0015] Ctih<D>>*>, ^*1M 
■^*1fx h ^^>y->^ 1,1, 2, 2-f f7^ K 
+ y-l, 2 -^^ 7 c ;b^^>v>, 1, 1, 2. 2-t" 

2, 2-7^ h+> / - 1 , 2 - y7xr.;^v7 
1. 2-Wh^>-l. 1. 2. 2-7"h^^7 c 

1. 2-^^t^-l, 1. 2. 2-t" 
1 , 2 -iM H+v'- 1 , 1 , 
2, 2-T*b^^^xjl/>?v/^>, 1, 2 -V>3~ b*ris 
50 -1, 1, 2, 2-fh77i^yy7>^i'^ 



(6) 
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[0 0 1 6]'3 6tC, -M3t (3) CCteOT, R 7 ^- 

(ch 2 ) n --cmztiz>m<D<tewtLxi*. (b 
•jy Y**si/V>W t*x ( b ijxhtj/s/y 

> v tfx ( by- i yjio y t*x 
( b y-n-^b+^yjio ^£>, trx ( b y- s 

t^>y;i/) i, 2-t*x ( by^ h^^>y 

x£>, 1, (Fyih^»y;l) 10 

x l. 2-bx (Fy-n-^n^+y^y;b) x£ 
> s i, 2 -t*x ( b y- i -^p^vvyiW x# 
>, i, (hy-n-^f+^>yw 

1. 2-b'X (F'J-sec-^Ft^y^) x 

l. (by-t-^h+t^yjio 
l- b^w^-x^y^) - l- (hy^h 
^s^UAO l- (^xF+^^>yw 

- 1 - ( b yxh+^>y;l/) l-(^ r n- 
^D3j<*^^^>y^) -1- (bV-n-^o** 
->->y;U) 1 - (^- i -^a^+v'y 20 

y;i/) - i - ( b y- i -7*a^»y^) y 

i - (^-n-^h+^^i/^yji/) - i - ( h y- 

n-^h+^f y;U) y^>, 1- (^-sec-^h 
^->y ^;l/^y -1- (hy-sec-^ftV^ 
y;i0 y£> v l- (^-t-^h+^^;^>y;v) 

^ itw^y^) -2 - (F^K^yw 
x#x l- (s^x b+^y^i/^yji/) -2 - (hy 

y;l/) - 2- (h'J-n-^D^^y^) x 30 
1 - (Is- i -^nsP+^^^Jl/^y;!/) -2 - 
(Fy-i-7*a^^>y;W x^x l - n 
-^b + ^^;k>y;l/) - 2- (hy-n-^F + V 
->y;l/) x£>, 1 - ( v - s e c b^W^Jl/V 

y;i/) - 2 - ( b y - s e c-^h^^y;i/) x£ 

1 - (*?- t -^h + W^S/UrtO -2 - ( b 

y- t -^h^^y;i/) x#>. erxc^b*^ 
^;U^y;U) t*x (>>x ^ju->y;u) 

fcfX (^-n-^ntf^t^^l^y^) ^£ 

bX i -7U#*lsj**)l>is}))V) s***^, 40 

(^-sec-^F+Wf;^y;V)^^X fcfX 

t -^h^^y ^us/yjio ^ i, 2-t* 
x h*^ y^;i^>y;W x£> x i , 2-trx 
(yx|+^W>"J;b) x£>, i, 2-t*x(^ 
-n -7*D^^^>y^) x£> v 1, 2-fcfX 
<5>- i -^P^+W^JM/yjb) 1. 2- 

fc'X <5>-n-:/h*W*Jl^yjb) x#>, 1, 2 

- tfX s e c -7 , V*ri>'J?~>l>zsV)V) x£>, 

1, (iz-t-^F^^^yW x^ 50 



^2 0 0 3-2 97 83 2 
10 

l. 2-t'x (hy^F+^>y;W<>t'>, 
l, 2 - trx ( h y x h+^^y;i/) ^<>*fe*>, l, 2 v 

( h y-n-^a#*5/s/»;w ^o*^ l, 
2 -trx ( by - i -Va#+^^'j;b) ^>-fe*>, 
1, ( h y -n-^h+^>yjU) 

l, 2-t'x(hy-sec-^h^»y;i/) ^>-fe' 

>, 1, 2 -tfX ( b y-t- 7h*ffVti') "<>Hf 

l, 3 -t*x ( h y^ b*^y;io ^<>^>, 

1, 3-fc*X ( hyxh + ^>y;l/) -*>-K> % 1, 3 

-hrx ( b y-n-^'asj<+^^y;v) ^>-fe*>, l. 

3 - fx ( b y - i -^p#*^>»J;W 

1, 3-t*X (hy-n-^h+^>y;l/) -^>-fef>. 

l, (hy-sec-^ht^y;W 

>, l. 3 -trx ( b y - t -^h+^>yji/) 'O-fe? 

i. 4 -t*^ ( h y^ h+^>y;W ^>-fe> 
l, 4-t*x ( b yx b*^y;i/) ^>-fe*>, l, 4 
-bX (F'J-n-^o^^y^) 1, 

4-t'x ( by - i -:/o#*^>y;w "0-t2>, 

1, 4-lfX ( hU-n-^K^y^) "<>-fe?>. 
1, 4-bX (Fy-sec-^ht^yil') 

i, 4-tfx (by- t-^b+^y^) -o-fef 

[0017] ch^o^ft, b^ ( b y^ b^^^y 
trx ( b yx b*->->y;u) ^^>, l , 

2 - bX ( b y^ h *zszs VJl) X^?>, 1 . 2 -tfX 

( b yx b+->^y;u) x^?>, i - (>?^ b+^^^ 
;^>y;b) - l- (Fy^ff^y^) l - 

(^x>+^^>y;i/) - i - ( b yxh+^>y 

;b) ^3?>, 1- (Wh+W^>yW -2- 
( b y^ b+>^^y;u) x^>, l- (v^xk^^ 
;l/^y;U) - 2- ( b yx b+>^y;l0 x3?>, h^x 
(s^y b*^y^i/^y;u) ^^>. trx (^xb*^ 
y^;i/^y;b) 1, (^h + w^ 1 

;i/^y;i/) x^> x l, 2-t:*x (^xF+w^;k> 
y;u> x^>, i, 2 -trx ( b yy b*^->y^) 
>*if>, l, 2-bx (hyxh^>y^)<>^ 
i. 3 -trx ( b y^ b=^^^y^) ^>Hf>, 
l, 3-trx (byxb+^y^) ^>*> % l, 4 
-tfx ( b y-rf b+^y^) ^>-fe*>, l. 4-bx 

( b yxFt^y^) «>V>tj:£Zlft£ L^mt b 
[0018] it&M ( 1 ) - ( 3 ) com*ttMm&M<D 

frFMi** ^yx^u>^#cD*fi^^s^ s m 

50 0-3 0 0, 00 0.W$L<«. 70 0-2 
0 0, 0 0 0, 3 6CCjf$L<«l, 0 0 0 — 100, 
0 0 0ffgr*£o 

[0019] i/c, ( 1 ) - ( 3 ) <D&JSE#S:5E 

^SPTK^SMf^ftecjftJfL^iftCC. {b^© (3) 
^3(1). ( 2 ) *<tcffb^« ( 3 ) <om&ic 
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*tb-C5~6 0fiS%, »*1/< B&~5 011%, 3 
e>Kfir*L/<«5-4 0M»%'-C*«3 1 Cfb^J 
( 1 ) ©M) < tib^J ('2 >' ©Sfi) t*5Ci^ 

T?, itSW ( 3 ) Mt&to ( 1 ) Mb£*5 ( 3 ) 

© 5 t# nzmm<p®Mim i &m&i&T 
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©f&. sett^u a^^s 9 %©*&&«§?£ 
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